INTRODUCTION
The Mild steel (MS) also known as low carbon steel is an alloy composed of carbon 0.16 to 0.29% and density of 7.85 g/cm 3 [1] . The properties of MS like easy availability, ease of fabrication, low cost and good tensile strength increase its applicability in industries. However when it comes in contact with acid during acid cleaning, transportation of acid, de-scaling, storage of acids and other chemical processes it suffers from severe corrosion [2] . Acid solutions especially hydrochloric acid and sulfuric acid are normally used in industry for different purposes like cleaning, descaling and pickling of metallic structures [3] [4] . These processes are normally accompanied by considerable dissolution of the metal resulting into corrosion [5] . The process of metal dissolution and excess acid consumption during pickling processes can be reduced by addition of corrosion inhibitors in acid [6] .
A corrosion inhibitor, is a chemical substance which when added in small quantity in a corrosive media, slows down the rate of corrosion of a metal or a metal alloy without significantly changing the concentration of a corrosive agent [7] [8] . Use of inhibitors is one of the most practical methods for protection of metals and alloys against corrosion especially in acid media [9] . Selection of the best inhibitor depends on different factors like type of acid used, concentration of inhibitor, applied temperature, velocity of the solution, presence of dissolved solids, and the type of metal or alloy involved [10] . Synthetic inhibitors have good anticorrosive activity, but most of them are highly toxic to both human beings and environment.The increase in awareness of health and ecological risks caused by synthetic inhibitors has drawn attention in looking for more suitable inhibitors, which are non-toxic and environmental friendly [6] .
Different research studies have proved that natural parts of plant origin containing various organic compounds have corrosion inhibitive action [11] [12] [13] [14] [15] . This makes the plant extracts and the derived organic species become important for application as an environmentally friendly, renewable, readily available, and acceptable source of corrosion inhibitors [16] . Some of the constituents in plant products include amino acids, alkaloids, tannins and pigments [17] . Compounds having π-bond and hetero atoms like P, N, S and O are said to be good inhibitors. The efficiency of a compound as corrosion inhibitor depends on its ability to be adsorbed on the surface of a metal or alloy [18] .
Adansonia digitata or Baobab plant is shown in figure 1 (commonly known as ‗Mbuyu' in Tanzania). It belongs to the family Bombaceae and is known generally as the African baobab [19] . [20] . Phytochemical investigation of different parts of this plant shows the presence of flavonoids, phytosterols, amino acids, fatty acids, vitamins and minerals [21] . The seeds have high percent of amino acids when compared to the other parts of the plant [22] . Methanol extract of the pericarp of the fruits of Adansonia digitata contain the following major compounds; (-)-epicatechin, epicatechin-(4β→8)-epicatechin, epicatechin-(4β→6)-epicatechin, epicatechin-(2β→O→7, 4β→8)-epicatechin, and epicatechin-(4→b8)-epicatechin-(4β→8)-epicatechin [23] .
However, no investigation has been carried out on baobab fruit pulp and seed extracts for their corrosion inhibition properties. So the present work was aimed to investigate the efficiency of methanolic extracts of Adansonia digitata fruit pulp and seeds as green and ecofriendly corrosion inhibitors for MS in 1.0 M H 2 SO 4 solution by gravimetric, polaristaion, electrochemical impedance and SEM techniques.
II. EXPERIMENTAL

Materials and sample preparation
The MS coupons used in this study were prepared from plate of grade JIS G 3132 having the composition (wt. %) of C (0.18), Si (0.35), Mn (0.60), P (0.040), S (0.040), Cr (0.14) and remaining Fe. For weight loss measurements the MS coupons of dimension 76.2 mm x 22.23 mm x 3.18 mm with a hole drilled 6 mm from one side were used and for electrochemical studies the square rod of the same material with dimension 10 mm × 10 mm × 30mm coated with epoxy resin leaving an exposed area of 1cm 2 was used. For surface analysis using scanning electron microscopy (SEM), the MS coupons of dimension 30 mm × 30 mm × 3 mm were used. Before each experiment, MS coupons were mechanically abraded with emery papers of grades 600, 800 and 1000, rinsed in distilled water, degreased in acetone, air dried and stored in desiccators. The corrosive medium was prepared by diluting analytical grade sulphuric acid with distilled water to get 1.0 M H 2 SO 4 solution.
Preparation of plant pulp and seeds extracts
Dry fruits of Adansonia digitata were manually collected from villages around the University of Dodoma. The fruit pulp was obtained by grinding and sieving to remove the fibers and seeds. After removing the pulp, the seeds were washed properly with running tap water, sun dried, mechanically pressed to extract oil and the residues were ground into powder. Both pulp powder and seeds powder were stored in airtight polythene bags. 500 g of each of these powders were extracted separately with 2.5 L of 80 % (V/V) aqueous methanol for 24 h at room temperature. Methanol was selected based on efficiency of extraction when compared to aqueous ethanol. Aqueous methanol is more effective in extraction of polar and moderately polar components from different plant material [24] [25] . The residues were removed by double filtration, first with clean textile then with Whatman filter papers. This was followed by concentrating the extracts using warm air evaporator to get the crude extracts [23] . Both Adansonia digitata pulp extract (ADPE) and Adansonia digitata seeds extract (ADSE) were stored in glass bottles for corrosion studies.
Gravimetric method
Gravimetric (weight loss) experiments were carried out as described by ASTM practice standard G-31. [8] . After each exposure time, the coupons were removed from the corrosive media and immersed in 70 o C mixtures of 200 g/L of NaOH and 20g/L of Zinc dust for 45 minutes as a way to remove the corrosion product from MS surface. The coupons were then cleaned with brush in running tap water and rinsed with distilled water, cleaned in acetone, dried and reweighed. From two identical experiments the mean of weight loss values was used to calculate the surface coverage (θ), percentage inhibition efficiency (%IE) and corrosion rate (CR) in millimeters per year (mmpy) using the following formula;
Where: w o = Average weight loss without inhibitor w 1 = Average weight loss with inhibitor w = Weight loss (mg) ρ = Density (7.86 gm/cm 3 for mild steel) A = Area of the mild steel coupon (cm 2 ) t = Time (h)
Electrochemical measurements
Electrochemical studies were conducted in a three-electrode cell assembly consisting of MS square rod with exposed area of 1cm 2 as working electrode, the platinum electrode as an auxiliary (counter) electrode and the saturated calomel electrode as a reference electrode. The Electrochemical measurements were carried out using Autolab Potentiostat / galvanostat model Aut50665 and the data were collected with NOVA 1.11 software. Electrochemical plots were recorded with applied potential E = E corr ± 200 mV, and a scan rate of 1.0 mV s -1 [29] [30]. Tafel curves were extrapolated to obtain corrosion current densities (i corr ), corrosion potential and corrosion rate [31] . The inhibition efficiency was calculated from the measured i corr values using the following formulas [32] [33] .
Where:
Corrosion current density without inhibitor = Corrosion current density with inhibitor All experiments were conducted at room temperature using 200 ml of 1.0 M H 2 SO 4 with different concentration of ADSE and ADPE inhibitors. Each experiment was repeated at least three times to check the reproducibility and the good reproducible results were reported. Prior to each experiment, the electrode was allowed to corrode freely for 20 min for potential stabilization [34] [30] .
In case of electrochemical impedance spectroscopy (EIS), experiments were carried out at open-circuit potential over a frequency range of 0.1 Hz-100 kHz [35] using AC signals of amplitude 10 mV peak to peak at the open circuit potential. The double layer capacitance (C dl ) and charge transfer resistance ( ct ) values were derived from Nyquist plots which were obtained using the impedance data plotted in EIS analyser software. From the charge transfer resistance values, the inhibition efficiency of the inhibitor was calculated using the equation below [36] 
Surface analysis
The analysis of the morphology of MS surface was carried out using scanning electron microscopy (SEM) COXEM MODEL CX200 at room temperature. Images of MS coupons were taken after 3 h exposure time in 1.0 M H 2 SO 4 with and without various concentrations of ADPE and ADSE
III.
RESULTS AND DISCUSSION
Gravimetric Measurements
Effect of Inhibitor Concentration
The corrosion rate, surface coverage, and inhibition efficiency were calculated using equations (1), (2), and (3) and the data obtained are given in Table 1 . It is clear from the results that the inhibition efficiency (% IE) increases with increase in concentration of inhibitors. The observed behavior is due to the increase in adsorption and coverage on the mild steel surface which increase with concentration of the inhibitors .This shows the dependence of inhibiting effect of phytoconstituents of ADPE and ADSE. These extracts contain mixture of tannins, amino acids, alkaloids, proteins, flavonoids pigments which cause inhibitive action. So adsorption of these components on the metal surface reduced the surface area available for corrosion [37] . The adsorbed inhibitor molecules reduces the interaction between mild steel surface and aggressive medium by increasing the coverage of mild steel surface leading to a compact and coherent film on the surface of mild steel [38] . The degree of protection increases with the increasing surface coverage by adsorbed molecules [39] . The effect of inhibitor efficiency on the inhibitor concentrations is shown in Figure 2 . Increasing the concentration of inhibitor from 300 to 900 ppm, increases % IE from 34.63% to 57.65% for ADPE and 53.84% to 68.70% for ADSE. From these results ADSE exhibited high corrosion inhibitor efficiency (68.7%) for MS.
(a) (b) FIGURE 2: Inhibition efficiency plots against concentration of inhibitor ADPE (a) and ADSE (b) for MS corrosion in 1.0M H 2 SO 4 . 
Effect of Immersion Period
The variation of weight loss with % IE at various immersion periods is shown in Figure 3 . It is obvious from the plots that the weight loss of MS decreases with immersion period which is possibly due to increased thickness of the adsorbed layer containing phytoconstituents and corrosion products at the MS surface. The interaction of ADPE and ADSE with mild steel may be a result of the presence of polysaccharides and protein molecules in their structures. These molecules form a linkage with the metal surface by donating a lone pair of electrons. Inhibition efficiency decreases with immersion time in ADPE and increase with immersion time in ADSE. This effect may be due to the formation of insoluble film/corrosion product on the mild steel surface which lowers the interaction of the mild steel with the aggressive medium [40] .
The decrease in corrosion rate with increasing inhibitor concentration, as shown in Figure 4 suggests that the inhibitor molecules act by adsorption on the metal surface. Consequently the increase of the inhibitor efficiency was attributed to the increase in surface coverage by extract molecules [41] . 
Potentiodynamic Polarisation Measurements
Corrosion inhibition is achieved by altering the anodic process, cathodic process or both, which result in decreasing the rate of the corrosion process [42] . The corrosion current density (I corr ) and corrosion potential ( corr ) were obtained from the intersection point of anodic and cathodic current curves in the Tafel plots. Potentiodynamic polarization parameters for the corrosion inhibition of mild steel in 1.0M H 2 SO 4 in the presence and absence of inhibitor are given in the Figure 5 . From the figure it is obvious that the two extracts alter the electrochemical processes on mild steel by reducing the anodic reaction rates by reducing the corrosion current densities on both sides of the polarization curves. It can be concluded from Tafel slopes that the green inhibitor follows mixed type inhibition mode [43] as the shift in E corr values for blank and inhibitor is less than 85 mV even though polarisation appears to be under anodic control. The E corr values varies from 445 mV to 422.95 mV for ADPE and the shift in E corr values for blank and ADSE inhibitor is less than 35 mV. It is also seen form the plots that no significant change occurred for cathodic curves when compared with anodic curves which confirms that the inhibitor is more of anodic nature. The interaction between metal surface and lone pair of electrons of oxygen /nitrogen atoms of the extract decreases the anodic dissolution of mild steel due to adsorption.
EIS Measurements
The inhibition processes of ADPE and ADSE were also studied by electrochemical impedance spectroscopic (EIS) technique. The formation of film on metal surface is proved by impedance spectra. Basically corrosion process involves two steps, at first metal undergo oxidation and metal ions diffuse into the solution phase in the second step. Extract molecules get adsorbed at the surface of MS and there by prevent the metallic dissolution. Formation of the protective layer on the surface of mild steel boost the charge transfer resistance and diminish the double layer capacitance [44] . It is clear from the Nyquist's plots ( Figure 6 ) that charge transfer resistance and inhibitor efficiency increase with inhibitor concentration. All impedance experimental data were tested in different circuit models to get excellent fit with lower error which agreed with the circuit Figure 7 . The impedance parameters such as solution resistance (R s ), charge transfer resistance (R ct ) and double-layer capacitance (C dl ) were used to calculate the inhibition efficiency using the formula (5), DOI: 10.9790/5736-1007016474 www.iosrjournals.org 71 |Page FIGURE 7: Equivalent circuit model used to fit the impedance spectral data.
The diameter of Nyquist plots increased on increasing the concentration of ADPE and ADSE which shows that these extracts strengthens the inhibitive film. From the impedance data given in Table 3 , the charge transfer resistance (R ct ) values increase with inhibitor concentration which shows that a charge transfer process mainly controlling the corrosion of mild steel in acidic media. The double layer capacitance (C dl ) was found to vary from 93.478 μFcm -2 for blank solution to 42.009 μFcm -2 for inhibited solution. The values of double layer capacitance decrease with increase of inhibitor concentration due to the adsorption of the inhibitor on the metal surface leading to the formation of film or complex from acidic solution [45] .
The decrease in C dl values generally related to the adsorption of organic molecules on the metal surface and then leads to a decrease in the local dielectric constant and/or an increase in the thickness of the electrical double layer. The inhibition efficiency (% IE) determined by three different methods (weight loss measurements, polarization studies and electrochemical impedance spectroscopy), as a function of concentration of the extracts show good agreement.
Adsorption isotherms
Adsorption isotherm is used to provide useful insight into the mechanism of corrosion inhibition. The experimental data from weight loss measurements were applied to different adsorption isotherm equations to fit the values of surface coverage (θ) to get an isotherm with higher regression coefficient. Most commonly applied adsorption isotherms are Temkin, Langmuir and Frumkin isotherms [46] [47] . In Langmuir isotherm it is assumed that all sites have equal possibility for adsorption and it is not affected by activity at nearby sites [48] . . Langmuir isotherm was tested by the plot between C/θ and C according to equation below; [20] . This explains the monolayer formation of the inhibitor on the surface of MS [46] . Thermodynamic parameters (Table 5) for the adsorption of both extracts on the MS are calculated using the equation given below, Generally, it is accepted that when ∆G ads values are about 20 kJ/mol or lower, adsorption is regarded as physisorption. For this, the inhibition is said to acts through electrostatic interaction between the charged molecules and the charged metal. Also, for the values around 40 kJ/mol or higher, the interactions are seen as chemisorption in which charge sharing or a charge transfer from the inhibitor molecules to the metal surface occurs to form covalent bond. In the present study the values of free energy of adsorption for both ADPE and ADSE were around -12.441 kJ mol -1 and -12.932 kJ mol -1 respectively. This means both inhibitors are physically adsorbed on the surface of mild steel.
SEM analysis
SEM images were recorded to know the surface deterioration before and after MS corrosion on exposure to the 1.0M H 2 SO 4 solution in the absence and presence of ADPE and ADSE inhibitors. SEM images for MS surface before immersion and after immersion in 1.0M H 2 SO 4 without inhibitor are shown in Figure 9 . The SEM images show that the mild steel was heavily corroded in 1.0M H 2 SO 4 as shown in Figure 9 (b) without inhibitors where as in the presence of inhibitors ADPE and ADSE as the surface conditions were comparatively better as seen in Figure 10 (a) and 10 (b) respectively. This shows that the inhibitor molecules hinder the dissolution of mild steel by forming surface adsorbed layer and thereby reducing the corrosion rate. It also confirms that the inhibitors effectively control the corrosion phenomenon by blocking the active corrosion causing sites on the mild steel surface. Metal surface was highly covered with the protective layer formed by the green inhibitor which prevents the metal from further attack of acid media [43] .
(a) (b) FIGURE 9: SEM images for mild steel surface before immersion (a) and after immersion in 1.0M H 2 SO 4 without inhibitor (b). It is observed from the Figure 10 that the surface deterioration is more in case of MS exposed to ADPE in acidic solution than that exposed to ADSE which could be attributed to the presence of higher proportions of active phytoconstituents in seeds than in pulp of baobab fruits.
CONCLUSION
The seeds (ADSE) and pulp (ADPE) extracts from baobab (Adansonia digitata) fruits proved to be effective green and ecofriendly inhibitors for mild steel corrosion in 1.0M H 2 SO 4 medium. The gravimetric analysis revealed that both inhibitors ADSE and ADPE found to follow mixed type inhibition mode even though anodic reaction influence was predominant.
The inhibitor efficiency of extracts was found increase with increase in inhibitor concentration. ADSE exhibited higher % IE compared to that of ADPE which could be attributed to the presence of higher percentage of active compound in baobab seeds. Potentiodynamic polaristaion plots revealed that the corrosion current density was least for higher concentration of inhibitors. Corrosion rate of MS was found to decrease with increase in extract concentrations.
This inhibitor obeys the Langmuir adsorption isotherm. Adsorption was effective due to the presence of various active compounds like flavonoids, terpenoids, phytosterols, amino acids, carbohydrates, lipids and vitamins in the extracts. The EIS study shows that Charge transfer resistance (R ct ) increases and double layer capacitance (C dl ) decreases with the increase in the inhibitor concentrations. The surface analysis by SEM confirms the presence of protective film on MS surface in the presence of inhibitors.
